Peroxidase, indoleacetic acid-oxidase, alkaline, and acid phosphatases were detected in dry starchy endosperm (minus aleurone) of wheat grain. The isoperoxidase pattern differed in different parts of the dry grain. Several new isoperoxidases were found in embryos after soaking. The intensity of isoperoxidases in aleurones was enhanced in the presence of embryo or 2 AM GA3 after 24 hours of soaking, but decreased after 72 hours. Indoleacetic acid and kinetin had no effect on isoperoxidase of aleurone. Actinomycin D and cycloheximide had no effect on isoperoxidases of aleurones from embryonectomized or naturally occurring embryoless grains. However, these two inhibitors increased the intensity of isoperoxidases in aleurones of intact embryonated grains after soaking.
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The dry mature endosperm of grains is generally regarded as a dead tissue. Soluble protein was found in dry wheat endosperm (3) and specific soluble proteins which differed from that of aleurones were detected in barley endosperm halves after 3 days of soaking (13) . Recently nine ,3-amylases were found in the starchy endosperm (minus aleurone) of barley (5) .
Peroxidase may play important roles in the regulation of plant growth and development (8) (9) (10) 24) . Total peroxidase activity is enhanced by GA3 (12) . Isoperoxidase activity has been studied in different parts during wheat kernel development (19) . However, no study of isoperoxidases and their locations in different regions of the dry grain was made; nor has any attempt been made to determine the influence of the embryo or GA3 on isoperoxidases of the aleurone. Naturally occurring embryoless grain (18) offers an excellent means to study any possible change of isoperoxidases in the aleurone during development of the grain.
Inhibitors of protein or RNA synthesis, such as Act D3 and cycloheximide, have an inhibitory effect on isoperoxidases and other enzymes (15, 17, 25, 27) . Act D has been shown to enhance the activity of nitrate reductase (6) whereas the activity of oxidase is enhanced by both Act D and cycloheximide (25) .
An investigation was undertaken to study the isozymes of peroxidase in different parts of the wheat grain and the influence 1 MATERIALS AND METHODS The I and EL wheat grains (Triticum aestivum) cv. Yorkstar, (1971 harvest) were carefully screened as described previously (18) . The dry starchy endosperm was obtained by removing the embryo and aleurone with a scalpel. A 0.4-g quantity of this material was ground in 4 ml of 20 mm HEPES buffer (pH 7.6) containing 0.1 % mercaptoethanol, for ATPase, phosphatase and IAA oxidase, or in 4 ml of 50 mm phosphate buffer (pH 7.8), for peroxidase. The extract was centrifuged at 27,000g for 10 min to give a supernatant fraction that was used for enzyme assay.
ATPase activity was measured at 30 C in a 2-mi volume containing 10 ,umoles of ATP, 5 ,umoles of MgC12, 20 mm HEPES (pH 7.4), and 0.5 ml of crude extract. At time intervals up to 30 min, the reaction was stopped with 4 ml of 10%-trichloroacetic acid. After 10 min in an ice bath, the reaction mixture was centrifuged at 3,000g for 10 min. Pi released was determined by the Fiske and Subbarow procedure (7) . The boiled enzyme was used as a control.
Alkaline phosphatase activity was measured by using p-nitrophenyl phosphate as described before (26) . The reaction mixture for acid phosphatase consisted of 0.5 ml of crude extract and 4 ml of 1 mnim p-nitrophenyl phosphate in 1 M acetate buffer, pH 5.5. After incubation for various times the absorbance at 400 nm was determined. The absorbance at 0 time was subtracted from each determination.
IAA-oxidase activity was measured as described before (16) and the total peroxidase activity was assayed by the method of Gaspar et al. (10) . Soluble protein was determined by the method of Lowry et al. (21) with corresponding extraction buffer as a blank.
For isoperoxidase determination, 10 wheat grains each (I, EE, and EL) were imbibed for various times on 100 g of sterile sand moistened with 30 ml of test solution in a 9-cm Petri dish at 25 C. The following chemicals were used: 2 jhM GA3, 52 MM kinetin, 10
Mm IAA, 60 Ag/ml cycloheximide, and 100 jg/ml Act D. Aleurones from I, EE, and EL grains were isolated at appropriate times of soaking by gently pressing out the starchy endosperm and then washing the aleurones thoroughly. In the case of I and EL grains, the embryo end with some endosperm was removed with a sharp razor before isolation of the aleurone. In the case of EE grain, the embryo end was removed before soaking. In experiments with embryos following soaking, care was taken to isolate them free of any attached endosperm. The amount of aleurones obtained from I, EE, and EL grains did not vary significantly. In some experiments isoperoxidases were analyzed in dry endosperm with and without the aleurone. Isolated parts from 10 grains were ground in a mortar with 0.5 ml of 50 mm phosphate buffer, pH 7.8. After 10-min centrifugation at 25,000g, Plant Physiol. Vol. 56, 1975 10 Mul of supernatant were applied on starch gels and isoperoxidases were separated by electrophoresis (17) . The gels were stained for isoperoxidase using o-dianisidine as a substrate.
RESULTS
Enzyme Activity in Dry Starchy Endosperm. The extract from dry starchy endosperms showed peroxidase (1.3 ug of peroxidase/ mg of protein) and IAA-oxidase (2.5 mg of IAA destroyed/mg of protein-hr) activities but no ATPase activity. In addition, both alkaline phosphatase and acid phosphatase activities were observed (Fig. 1) . These two enzymes were sensitive to boiling. The linearity of enzyme activity was maintained for the first 10 min for alkaline phosphatase and for 20 min for acid phosphatase.
Isoperoxidase Patterns in Different Parts of Dry Grain. Isoperoxidase patterns differed in different parts of the dry grain (Fig. 2) . The dry embryo contained five cathodic and one anodic isozymes. These isozymes were numbered on the basis of total number of isozymes observed. No anodic isozyme was detected in the dry starchy endosperm with or without the presence of aleurone. Both EE and EL dry grains showed three cathodic bands. The slowest migrating band was numbered as AL1, 2 because two bands were observed at the same location in aleurones from EE and EL grains after soaking. AL4 did not appear to correspond exactly with any of the isozymes in the embryo. Only two bands were observed in the extract of dry starchy endosperm (S in Fig. 2) .
After 24 hr of soaking, no additional cathodic isoperoxidase was observed and four new anodic bands (Al, A4, A5, 6, A7, 8) were detected in the embryo (Fig. 3) . No new isozyme was detected in aleurones from I, EE, or EL grains soaked for 24 hr with or without the presence of GA3. There was also no detectable difference between isozymes of aleurones from EE and EL grains. However, the presence of the embryo during the 24 hr of soaking enhanced the activities of all four isozymes in the aleurone. A similar effect was observed in the presence of GA3. At 72 hr of soaking, eight cathodic isoperoxidases and eight anodic isoperoxidases were observed in the embryo (Fig. 4) . The presence of GA3 or the embryo during soaking of the grains caused a decrease in activities of isoperoxidases in the various aleurones (Figs. 3 and 4) . AL5 band was not consistently detected 
DISCUSSION
Enzyme activity, such as adenosine diphosphate glucose pyrophosphorylase, has been shown to be lost in mature wheat grains (29) . On the other hand, some enzymes might retain their activity in the endosperm of mature grains. Peroxidase activity continues to increase in the endosperm during wheat kernel development (19) . Nearly 70% of phosphatase activity was still observed in barley grains after 80 years of storage (22) . The soluble protein present in wheat endosperm may be a remnant of amyloplast enzymes associated with starch grain synthesis during grain development (2) . The IAA oxidase, peroxidase, and phosphatases detected in the dry starchy wheat endosperm could be part of these proteins. Rapid increases in phosphatases during early stage of seed germination have been reported (11, 23) . The enzymes detected in the dry starchy endosperm might have a role in early germination.
Isoperoxidase patterns differed between tissues used (Fig. 2) (8-10, 20, 24) . In the present study no effects of kinetin and IAA on isoperoxidases were observed in aleurones of EE and EL grains. This is contrary to several studies conducted with tobacco pith (9), Pelargonium pith (20) , and lentil embryonic axis (10) . In those studies, kinetin and auxin have opposite effects. This difference may be attributed to the tissue used. An aleurone is a highly differentiated and nongrowing tissue. Initially, GA3 intensified the activities of all isoperoxidases in the aleurone in the absence of embryos (Fig. 3) . This is in agreement with the observation that GA3 enhances total peroxidase activity in endosperm halves of barley grains (14) . Similar activities were observed in aleurones soaked in the presence of the embryo or GA3 for 24 hr. Certain similarities between the embryo and GA3 effects on a-amylase isozymes were previously observed in Yorkstar wheat grains (18) . After 72 hr of soaking, there was a decrease in the activities of isoperoxidases in aleurones in the presence of GA3 or the embryo (Fig. 4) . This is presumably attributable to a promotion of de novo synthesis of proteases (14) by GA3 or the embryo, resulting in the hydrolysis of isoperoxidases.
A stimulation of isoperoxidase activity in aleurone of I grain by cycloheximide (Fig. 5) and Act D was observed. This is an unusual and interesting phenomenon, similar to the "superinduction" reported in animal tissues (28) . In plants, similar observations have been made for polyphenol oxidase activity in wheat endosperm (25) and for phenylalanine ammonia-lyase in gherkin seedlings (1) . The mechanism of cycJoheximide-induced increase in peroxidases may be similar to that of gherkin phenylalanine ammonia-lyase (1) , in which a newly synthesized proteinaceous inhibitor masks the activity of the already existing enzyme. A pool of inactive peroxidases may exist in wheat grains and the maintenance of this pool in an inactive state could depend on RNA and protein synthesis.
Recently Ben-Tal and Varner (4) reported that the GA3-dependent increase in phosphorylcholine glyceride transferase activity does not require RNA (Fig. 3 ) and the lack of inhibition of this enhancement by cycloheximide (Fig. 5) suggest that the isoperoxidase in aleurone may be activated rather than synthesized de novo during soaking.
